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The radical R is preferably aromatic, e.g. 3-canwyn. i 
butadtene. and be.g. of ABA form, where A ,s styrene. 
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MODIFIED BLOCK COPOLYMERS AND PROCESS 
FOR THE PREPARATION THEREOF 



The invention relates to e functioned . selectively hydro- 
geoated block copolymer comprising et leest one block A being 
predominantly e polye.eti.ed moooalke„ylaro.atic hydrocarbon block 
and at least one block B being, prior to hydtogen.tlon, predo.tu.otfy 
, polarised conjugated diene hydrocarbon block, of which block B 
the unsaturation baa been reduced by bydrogenacion to leas than 10. 
of the original unsaturation and of which block A the unsaturate 
is above 50* of the original unsaturation. The invention also 
relates to a process for the preparation of such functionalized . 
selectivelv hydrogenated block copolymers. 

Block copolymers can be obtained by anionic copolymeriaacxon 
of a conjugated diene and a monoalkeoyl.ro.atic hydrocarbon by 
using an organic alkali metal initiator. These types of block 
copolymers are diversified in characteristics, ranging fro. rubber- 
Uke characteristics to resin-like characteristics, depending on 
the content of .onoalkenylaromatic compound. 

When the content of monoalkenylaro.atic compound is —11. the 
produced block copolymer is a so-called thermoplastic rubber. It is 
, very useful polymer which shows elasticity in the unvulcaoxaed 
state and is applicable for various uses such as .ouldlngs of shoe 
sole. i.pact .odifier for polystyrene resins, adhesiv.s and binder . 

The block copolymers with a high content of 
ccpound. such as more than 70% by weight, provide a resin possessing 
both excellent i.pact resistance and transparency, and such resins 

are widelv used for packaging. 

The el«sto.eric properties of block copoly.ers also appear to 
be.due in part to their degree of branching. While the polymers of 
monovinylaromatic hydrocarbons have a basic straight carbon chain 
backbone, those with elastomeric properties always have penu...„ _ _ 
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alkyl radicals. For example, ethylene-propylene rubber has a 
structure of pending methyl radicals which appears to provide 
elasticity and other elastomeric properties, such as high elongation 
and high tensile' strength. 
5 Block copolymers have been produced, see U.S. patent speci- 

fication Re 27,145 which comprise primarily those having the 
general structure A-B-A wherein the two terminal polymer, blocks A 
comprise thermoplastic polymer blocks of vinylarenes, such as 
polystyrene, while block B is a polymer block of a selectively 

10 hydrogenated conjugated diene. The proportion of the thermoplastic 
terminal blocks to the centre elastomeric polymer block and the 
relative molecular weights of each of these blocks is balanced to 
obtain a rubber having an optimum combination of properties such 
that it behaves as a vulcanized rubber without requiring the actual 

15 step of vulcanization. Moreover, these block copolymers can be 

designed not only with this important advantage but also so as to 
be handled in thermoplastic forming equipment and are soluble in a 
variety of relatively low cost solvents. 

The selective hydrogenation has rendered the block copolymers 

20 less sensitive to oxidation and may be effected selectively as 

disclosed in US patent specification Re 27,145. These polymers are 
hydrogenated block copolymers having a configuration, prior to 
hydrogenation of A-B-A wherein each of the A blocks is an alkenyl- 
substituted aromatic hydrocarbon polymer block and B is a butadiene 

25 polymer block wherein 35-55 mol per cent of the condensed butadiene 
units in the butadiene polymer block have 1 , 2-conf iguration. 

These selectively hydrogenated ABA block copolymers are 
deficient in many applications in which adhesion is required due to 
its v hydrocarbon nature. Examples include the toughening and 

30 compatibilization of polar polymers such as the engineering thermo- 
plastics, the adhesion to high energy substrates of hydrogenated 
block copolymer elastomer based adhesives, sealants and coatings, 
and* the use of hydrogenated elastomer in reinforced polymer systems. 
However, the placement onto the block copolymer of functional 

35 groups which can provide interactions not possible with hydrocarbon 
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selves cbe adhesion problem - ^ 
poivmers solves tnc 

applicability o£ this material. int erf.ce adhesion in 

pol y mer blends, a func cioo. > ch a C acc.riscics ...» needed 

so.scan.iaUy Co ch. external adh ^ These 

ln poller sysc.s. "EB" r.f.rs « « > che p 0ly mer 

delude adhesion co fibers and £ ^ ^ coatings 

svscem; adhesion CO subscraces ^ iccocatlons 

based on functionalicd S-EB-S p in. • o£ >y>M „ bas ,d 

such as printing inns, paincs. '""'"^ „ actions such as 

„ S-EB-S polymers; participation coo( , acibllicy ; surfactants 

biodins Proteins snob as dispersions. 

i. polar-non-polac aeueous or no , des „ lbed as basically 

Puuccionalised S-EB-S polvmer by hyd „_ 

a c EB-S oolymars uhich are pt 
commercially produced S EB s p > copolymer to 

cenacion of '^^^Z- tb. styrene or *. ecbylene- 
uhich „ chemically accache Co 

buty lene block, * hy dro 8 enaced block copolymers of 

funccionalited. selectively y ^ coopacaa 

, ch . type described hereinbefore have no ^ hydco8 e„ac«d 

' wlth cbe correspondins non-functionalit ^ ^ 

« >>-i«rher tensile stLC " 6 
block copolymers have a high elevaced cemperacure; 

elongacion at break, bocb in parercu he „ inbe£o « „irh 

tbey shoo Cbe improvements • hyJrog e„aced Mock 

>5 aspect CO Che known functionalited, 

copolymers. _ oro vides a funccionalised, sel.ccively 

accordingly. Ch. invenclon pro ^ 41o[k * being 

hydt ,ge„aced block copolymer compris ^ hydtoca rboo block 

predominantly . polir-ericd mono.!* . T p r ado.inancly 
30 and ac lease one block B being, o of „ hicb bloc k B 
a polymerised conjugated dien. hydroc ^ ^ ^ ^ 

th e uos.curacion has been ^ A tb . uosacuracion 
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H-N-S-R (I) 
ll 
0 

in which R represents an organic radical, are grafted at aromatic 
groups in the blocks A. 

Block copolymers of conjugated dienes and vinylaroma tic 
hydrocarbons which may be utilized include any of those which 
5 exhibit elastomeric properties and those which have 1,2-micro- 

structure contents prior to hydrogenat ion of from 7% to 100%. Such 
block copolymers may be multiblock copolymers of varying structures 
containing various ratios of conjugated dienes to monoalkenylaromatic 
hydrocarbons including those containing up to 60 per cent by weight 

10 of monoalkenylaromatic hydrocarbon. Thus, multiblock copolymers may 
be utilized which are linear or radial, symmetric or asymmetric and 
which have structures represented by the formulae A-B, A-B-A, 
A-B-A-E , B-A, B-A-B, B-A-B- A, (AB) BA and the like wherein A 

is a polymer block of a monoalkenylaromatic hydrocarbon or a 

15 conjugated diene/monoalkenylaromatic hydrocarbon tapered copolymer 
block and B is a polymer block of a conjugated diene. The block 
copolymer preferably has the general formula B^(AB) q A^ wherein n - 
0 or I, o = 0 or an integer of at least 1 and p = 0 or 1, in which 
not more than one of n, o or p are equal to zero. Particularly 

20 preferred are block copolymers having at least one mid block B and 
at least two end blocks A. Diblock copolymers AB are also very 
suitable. Suitably, the blocks A comprise 5 to 95 per cent by 
weight, preferably 5 to 35 per cent and particularly 5 to 30 
percent by weight of the block copolymer. 

25 The block copolymers may be produced by any well-known block 

polymerization or copolymerizat ion procedures including the well- 
known sequential addition of monomer techniques, incremental 
addition of monomer technique or coupling technique as illustrated 
in, for example, U.S. patent specifications 3,251,905; 3,390,207; 

30 3,598,887 and 4,219,627. As is well known in the block copolymer- 

art, tapered copolymer blocks can be incorporated in the multiblock 
copolymer by copolymer izing a mixture of conjugated diene and 
alkeny laromat ic hydrocarbon monomers utilizing the difference in 
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• ..-^n reactivity rates. The tapered copolymer 
rheir copolymerization reactivity ■. 

TZs contain predominantly one polymer, for example greater than 
85 ,. various patent specifications describe the preparation o 
.ultibloca copolymers containing capered copolymer bloc s inc .ding 
U.S. patent specifications 3.251.905; 3.265.765; 3.639.521 and 

'"^ugat.d dienes which way be utilized Co prepare the poises 
and copolymers ace chose havins from * » • carbon atoms per 
.olecule and include, foe example. 1 ,3-buc,dlene . 2-m.th,l- .3- 

' 1 , 5-dl«echyl-l,3-bucadiene, 1.3-pencadiene and 
i bucadiene(isopcene). 2.3-dtmetnyi i. 

^-hexadiene. Mixtures of sucb conjugated dien.s may also be used. 
The preferred conjugated diena is 1 ,3-bucadiene. 

Albany latomatic hydrocarbons which may b. utilized c„ prepare 
copolymers include vinylaromatic hydrocarbons, such as »^ 
5 olchylscyraue. p-methylstyren. . p-c«rc-bucylscyrene . -"""J* 1 
sevrene . .Ipna-mechylstyran. . vinylnaphcbalene and vtnylanchrac.ne. 
The preferred vinylaromatic hydrocarbon is scyrene. . 

according to a preferred embodiment of cha present invention 
the blocb copolymer is a styrene-bucadiane-styrane blocb copolymer. 
» The polymeria scyrene blocbs preferably have an av.rag. 

weight between 2.000 and 115.000. particularly betw.ea ..000 and 
60.000 and the polymerized butadiene blocbs preferably have an 
average molecular weighc between 20.000 and 450.000. particularly 
between 35.000 and 150.000. Suitably, in the rang. fro. 35 to 55 
25 molZ and preferably ,0 to 50 mol* of the condensed butadiene », 
in blocb B have a 1 ,2-conf iguration. Preferably. a„ average 
than 25, and more preferably less than 10% of the bl.cbs A are 
h ydrogen,tad. The average unsaturate of the hydrogaoaced blocb 
copolymer has suitably been reduced to less than 20X of its original 

M "'"it should be observed that the above-described polymers and 

copolymers may. if desired, be readily prepared by the methods set 
forth hereinbefore. However, since many of these polymers and 
copolvmers are commercially available, it is usually preferred 
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employ the commercial ly available polymer as this serves to reduce 
the number of processing steps involved in the ov rail process. The 
hydrogenation of these polymers and copolymers may be carried out 
by a variety of well-established processes including hydrogenation 
5 in the presence of such catalysts as Raney Nickel, noble metals of 5 
Group 8 of the Periodic Table of the Elements, such as platinum and 
palladium, and soluble transition metal catalysts. Suitable hydro- 
genation processes which can be used are ones wherein the diene- 
containing polymer or copolymer is dissolved in an inert hydro- 
10 carbon diluent such as cyclohexane and hydrogenated by reaction K 
with hydrogen in the presence of a soluble hydrogenation catalyst - 
Such processes are disclosed in U.S. Patent Specifications 3,113,986 
and 4,226,952. The polymers and copolymers are hydrogenated in such 
a manner as to produce hydrogenated polymers and copolymers having 
15 a residual unsaturation content in the polydiene block of from 0.5 ; \ 

to 10 per cent, and preferably less than 5 per cent of their • 
original unsaturation content prior to hydrogenation. j 
The organic radical represented by R in the general formula 1 I 
is preferably an aromatic group and, more preferably, a phenyl : 
20 group. Other examples of groups R are naphthyl and anthryl groups. j 
R may further represent a cycloalkyl group, for example a cyclobutyl, 
cyclopentyl or cyclohexyl group, or an alkyl group, for example a 
pentyl, hexyl, heptyl, octyl, nonyl or decyl group. According to a 
preferred embodiment of the present invention R represents an 
25 organic radical containing a carboxyl group, in particular a . 
3-carboxyphenyl or a 4-carboxyphenyl group; very good results have j 
been obtained with 3-carboxyphenyl groups. \ 
The organic radical R in the general formula I may contain < 
substituents other than carboxyl groups, either in the presence or ' 
30 in the absence of carboxyl groups. Examples of such substituents j 
are halogen atoms, i.e. fluorine, chlorine, bromine or iodine 
atoms; cyano groups; hydroxyl groups; dialkylamino groups; nitro 
groups or benzoyl groups. Aromatic groups represented by R may 
carry, for example, an alkyl or a cycloalkyl group and alkyl groups 
35 represented by R may carry, for example, an aromatic or a cycloalkyl 
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i de « that R represents a heterocyclic group, 
group. U is not excluded that P g 

for example a 2-thienyl, a 3-thienyl a 2- u yl 

2 - P yri d yl. a Uridyl or a .roup . * °J , f 

~u of these seven groups- Specint 
hydrogenation of each of these 3 _ carboxy _ A chlorophenyl 

i , a rhnxv-4 hvdroxyphenyl. 3-carooxy 
gr ,ups R are 3-carbox, J 5 - ca rboxynaphthyl, 

4 - (c arbo*>™thoxy>ph«»yl. 3.A dlcar ^ gtoups . 
2 -„eop«ntyl-5-c.rboxyph«o,l and 2-«tb,l c aratlol> 

of a functionallzed. selectrvely nydr 8 „ acting a selectively 

.escribed Hereinbefore wbieH ^^JZ. bloc, A b.in g 

hydr „ g .„.c.d bloc. copolymer co-prism , « block 

and at least one block B bexng, P hydroc arbon block, of 

predominantly a poly.eri.ed con^a c d en V tQ 
which block B the unsaturate has a ^ 

unsaturation is above 50/. o. the or g 
azide having the general formula II 



20 



23 



0 (ID 



R-S-N, 
il 3 
0 



in „ hich R bas zbe sa„e „e.uin g as i ^Z^s^S ~ 

I. has. surprising, been found that tb. P 
t h. pressor invention results in g raftm g of the S P ^ 
g .„eral formula X selectiveiy to t « ar^ - ^ „ 

carrxed out by heatxng ^ t<> & 

block copolymer and an azxde of 8 ^ particularly 

temperature in the range of from 100 C 

from 150 "C to 250 "C. with the 

The azide of the general formula II , 

i in any suitable manner, for example xn P 

block copolymer xn any sux an inter _ 

• - on a conventional rubber mxll, or 

r.ixer or, m a me,t on a Brab ender mixer, 

nal mixer, or in an extruder such as a Braben 
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In addition to the azide, other ingredients can also be 
incorporated, for example fillers, extenders, pigments, stabilizers 
and plasticizers. If desired, the process according to the present 
invention may be carried out in the presence of a radical scavenger 
5 to prevent any degradation of aliphatic carbon carbon bonds in the 
block copolymer. Examples of radical scavengers are sterically 
hindered phenols such as "Ionox 220". a trade mark for 4,4'- 
methylene-bis-2.6-ditertiary butylphenol and "Ionox 330", a trade 
mark for 1.3.5-crimethyl-2,A,6-tris(3,5-di-tert-butyl-4-hydroxyben- 

10 zyl) benzene. 

The following Examples further illustrate the invention. The 
experiments were carried out with Kraton G 1652 which is a trade 
mark for a selectively hydrogenated block copolymer ABA in which 
"A" is a styrene block having an average molecular weight of about 

15 7500 and "B" is a hydrogenated polybutadiene block having an 

average molecular weight of about 37.000 and having an unsaturation 
of less than 5% of its original value. 
Example 1 

^ A mixture of powdered Kraton G 1652 (50 g) and 3-azidosulpho- 
nylbenzoic acid C2 g) was fed to a Brabender mixer provided with 
kneading screws and having a temperature of 190 °C at the start and 
210 °C at the end of the reaction. The mixer was used at a speed of 
30 revolutions per min (rpm) . The styrene blocks and the ethylene- 
butylene blocks in the Kraton G 1652 had a molecular weight of 
7,500 and 37.000, respectively. The residence time of the material 
in the mixer was 5 min. NMR analysis showed that 80Z of the 3-azi- 
dosulphonyl-benzoic acid was grafted to the block copolymer and 
that 80% thereof was grafted to the aromatic groups. 

The material withdrawn from the mixer was allowed to adopt 
ambient temperature and was subsequently heated for 15 min in a 
mould at 185 °C to prepare test sheets having dimensions of 
11.5x11.5x0.1 cm and wherefrom test specimen having dimensions 
according to DIN 53,504, type S3A were prepared. The tensile 
strength and elongation at break at 23 °C and 70 "C and moduli at 
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• a aPe o^ing to method ISO R527 , using a strain 
70 -C were determined according deterTain ed for 

race of 200 mm per min. These properties wer 

r lfiV > The table hereinafter presents the 
the starting Kraton G 165-. ine ca 

* 

results* 

TABLE 

Modulus at 

Tensile Strength, Elongation at 70 MPa, 

M p a b«ak, % at 

23 o c 7 o -C 23 «C 70 «C 300% 500% 

31.0 3.2 500 525 2.6 3.1 

Kraton G 1652 Jl,u 

Modified Kraton G 750 2.9 3.7 

1652 3:j - u 

^ Xample 2 " r 1652 (50 g> was heated in the Brabender 

0 Powdered Kraton G 1652 (50 g> ^ 

„ , of 30 rpro, to a temperature of l« 

mixer, at a speed of 30 rp adde d. The 

temperature 3-azidosulphonylbenzoic acid (2 g 

* -ho mixture thus obtained was increased to 19U 
temperature of the mixture cn four 

a period of 3 min and then increased from 190 C 

15 rain " - i wit hdrawn from the mixer was allowed to adopt 

The material withdrawn 

,nd was subsequently heated for 15 min in a 
ambient temperature and was **» < strength, the 

1,1 ins °C to prepare test sheets, me 
mould at 185 C to p P same ag those 

elongation at break and the moduli at 70 

r 1657 in the Table hereinbefore. 
?0 of the modified Kraton G 1652 in tne 
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CLAIMS 

4 

1. A functionalized, selectively hydrogenated block copolymer 
comprising at least one block A being predominantly a polymerized 
monoalkenylaromatic hydrocarbon block and at least one block B 
being, prior to hydrogenation, predominantly a polymerized conjugated 

5 diene hydrocarbon block, of which block B the unsaturation has been 

reduced by hydrogenation to less than 10% of the original unsaturation 
and of which block A the unsaturation is above 50% of the original 
unsaturation, in which groups of the general formula I 

0 

H-N-S-R <D 
I 

0 

in which R represents an organic radical, are grafted at aromatic 
10 groups in the blocks A. 

2. A block copolymer as claimed in claim 1 in which the blocks A 
have an average molecular weight in the range of from 2,000 to 
115,000 and blocks B from 20,000 to 450,000. 

3- A block copolymer as claimed in claim 1 or 2 which has at 
15 least one mid block B and at least two end blocks A. 

4. A block copolymer as claimed in any one of the preceding 
claims in which the blocks A comprise in the range of from 5 to 35% 
by weight of the block copolymer and the unsaturation of block B 
has been reduced to less than 5% of its original value, 
20 5. A block copolymer as claimed in any one of the preceding 

claims in which block A is a polystyrene block and block B, prior 
to hydrogenation, is a polybutadiene block. 

6. A block copolymer as claimed in any one of the preceding 
claims in which R in the general formula I represents an aromatic 

25 group . 

7. A block copolymer as claimed in claim 6 in which R in the 
general formula I represents an optionally substituted phenyl 
group. 
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A. block copolymer as claimed in claic 7 in which R in the 
general formula I represents a 3-carboxyphenyl group. 
9 A block copolvmer as claimed in any one of the preceding 
claims in which the groups of the general formula I are present in 
an amount in the range of from 0.1 to 20% by weight, calculated on . 
Ue functionalized, selectively hydrogenated block copolymer. 
10. A block copolymer substantially as hereinbefore described with 
reference to the Examples. 

11 A process for the preparation of a functionalized. selectively 
hydrogenated block copolymer as claimed in any one of the preceding 
claims which process comprises reacting a selectively hydrogenated 
block copolymer comprising at least one block A being predominantly 
a polymerized monoalkenyl aromatic hydrocarbon block and at least 
one block B being, prior to hydrogenation. predominantly a polymerized 
conjugated diene hydrocarbon block, of which block B the ^saturation 
has been reduced by hydrogenation to less than 10% of the original 
unsaturation and of which block A the unsaturation is above 50% of 
the original unsaturation. with an azide having the general formula II 
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in which R has the same meaning as in the general formula I. 
20 12. A process as claimed in claim 11 which is carried out at a 
temperature in the range of from 100 °C to 300 °C. 

13. A process as claimed in claim 11 substantially as hereinbefore 
described with reference to the Examples. 
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